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,QWURGXFWLRQDQGVWDWHRIWKHDUW
7KHUPRSODVWLFVDUHSRO\PHUVWKDWDUHZLGHO\XVHGLQLQGXVWU\DQGGDLO\OLIH(OHFWULFDOHQJLQHHULQJDQGPHGLFLQH
DUHLQFOXGHGLQWKHILHOGVRIDSSOLFDWLRQDVZHOODVWKHDXWRPRWLYHVHFWRUDQGFRQVXPHUSURGXFWV7KLVKLJKSURGXFW
GLYHUVLW\ LV DFKLHYHGEHFDXVH RI WKHPDWHULDO SURSHUWLHV DQG VKDSH DUH DOPRVW WDLORUDEOH+RZHYHU WKHUH DUHYHU\
VSHFLILF UHTXLUHPHQWV WR WKH SURSHUWLHV IRU WKH YDULRXV DSSOLFDWLRQ DUHDV DQG DGGLWLRQDOO\ D FRQVWDQW DQG KLJK
FRPSRQHQW TXDOLW\ DQG SXULW\ DUH SUHVXSSRVHG WR HQVXUH ORQJOLYLQJ SURGXFWV )RU WKDW UHDVRQ PDWHULDO
PDQXIDFWXULQJSURFHVVHVKDYHWRFRQVLGHUDOOSDUDPHWHUVLQIOXHQFLQJWKHSURSHUWLHVRIWKHSURGXFHGFRPSRQHQW2I
SDUWLFXODULPSRUWDQFHLVWKHDEVRUSWLRQRIPRLVWXUHIURPWKHDPELHQWVLQFHZDWHUZLWKLQWKHPDWHULDOVPDWUL[KDVD
VLJQLILFDQWLPSDFWRQWKHPHFKDQLFDOSURSHUWLHVRISRO\PHUVHJ<RXQJ¶VPRGXOXVIRUGU\SRO\DPLGH3$LV
TXDQWLILHGLQ6DHFKWOLQJ et al. DV03DZKLOH LW LV03DIRUVDWXUDWHG3$DW&DQG
UHODWLYHKXPLGLW\7KHSURSHUW\ WRDEVRUEPRLVWXUHFDOOHGK\JURVFRS\ LVGHVLJQDWHG WREH VLJQLILFDQWO\PRUH
GLVWLQFWIRUSRO\DPLGHVWKDQIRURWKHUWKHUPRSODVWLFV)XUWKHUPRUHZDWHULQWKHSRO\PHUVPDWUL[FDQEHHYDSRUL]HG
GXULQJODVHUZHOGLQJSURFHVVHVDQGDVFRQVHTXHQFHEXEEOHVSRUHVDQGGHIHFWVFDQEHIRUPHGDIIHFWLQJQHJDWLYHO\
WKH TXDOLW\ RI WKHZHOGLQJ VHDPV :LSSR et al.  ,Q SDUWLFXODU VXFK GHIHFWV FDXVH OHDFNDJH DQG DUH D ELJ
SUREOHP VLQFH ZHOGLQJ VHDPV KDYH WR EH LPSHUPHDEOH WR DPELHQW VXEVWDQFHV ,Q VWDQGDUG WHVW SURFHGXUHV WKH
PRLVWXUHFRQWHQWRISRO\PHUVLVGHWHUPLQHGJUDYLPHWULFDOO\E\VWRULQJVDPSOHSDUWVZLWKLQZDWHULQDFFRUGDQFHZLWK
',1,62%XWWKHPRVWO\XVHGPHWKRGWRPHDVXUHWKHPRLVWXUHFRQWHQWRISODVWLFVLVWKH.DUO)LVFKHUWLWUDWLRQDV
GHVFULEHGLQ5HLG et al.+RZHYHUWKHVHFRQYHQWLRQDOPHWKRGVDUHPDWHULDODQGWLPHFRQVXPLQJDQGVROHO\
VXLWHGIRUUDQGRPWHVWVZLWKWKHUHVXOWWKDWPRVWSDUWVDUHQRWFKDUDFWHUL]HGWKHPVHOYHVEXWTXDOLILHGZLWKVWDWLVWLFDO
GLVWULEXWLRQV'XH WRERWK WKH LQFUHDVLQJQXPEHURISDUWV DQG WKHKLJKTXDOLW\ VWDQGDUGV WKHUH LV DQDULVLQJ ODUJH
QHHGIRUDOWHUQDWLYHPHWURORJLHVWKDWDUHDEOHWRFKDUDFWHUL]HWKHSURSHUWLHVRISRO\PHUVTXLFNDQGQRQLQYDVLYH$
ILUVWDSSURDFKZDVSUHVHQWHGE\&DPDFKR et al.ZKRLQWURGXFHGWKHPHDVXUHPHQWRIWKHPRLVWXUHFRQWHQWRI
SRO\DPLGH  E\ PHDQV RI QHDULQIUDUHGVSHFWURVFRS\ <HW IXUWKHU VSHFWURVFRSLF PHWKRGV DUH GHVLUDEOH IRU D
VSDWLDOO\UHVROYHGFKDUDFWHUL]DWLRQRIWKHPRLVWXUHFRQWHQWRISRO\PHUV7RWKDWHQGZHGHYHORSHGDPHWKRGRORJ\
EDVHGRQ5DPDQPLFURVFRS\DQGPXOWLYDULDWHGDWDDQDO\VLV09'WRGHWHUPLQHWKHPRLVWXUHFRQWHQWRISRO\DPLGH
DQGLQDGGLWLRQWRWKDWZHYHULILHGWKHGHSHQGHQFHRIWKHWHQVLOHVWUHQJWKRQWKHPHDVXUHGPRLVWXUHFRQWHQW
0DWHULDODQGPHWKRGV
2.1. Material preparation and experimental setup 
$VVDPSOHPDWHULDOSODWHVKDSHGSRO\DPLGH3$RIDSSUR[LPDWHO\[[PPZDVXVHG7KLVZLGHO\XVHG
SRO\PHUH[KLELWVDK\JURVFRS\WKDW LVVLJQLILFDQWO\PRUHGLVWLQFWFRPSDUHG WRRWKHUSRO\PHUV ,QLWLDOO\DOOSUREHV
ZHUHH[SRVHGWRDPELHQWKXPLGDLU)LUVWD.DUO)LVFKHUWLWUDWLRQZDVSHUIRUPHGWRREWDLQWKHPRLVWXUHFRQWHQWRI
WKHVHSDUWV7KHVDPSOHVZLWKKLJKHUPRLVWXUHFRQWHQWVZHUHSUHSDUHGE\VWRULQJ WKHPIRUGLIIHUHQW VWRUDJH WLPHV
ZLWKLQD FRQGLWLRQHGZDWHUEDWKDW&)RU UHIHUHQFHSXUSRVHV WKHDPRXQWRIZDWHU DEVRUSWLRQZDVGHWHUPLQHG
ZLWKDSUHFLVLRQVFDOHDQGLQDGGLWLRQWHQVLOHWHVWVZHUHFDUULHGRXWZLWKWKHFRQGLWLRQHGVDPSOHVDQGWKRVHWHQVLOH
EDUVH[SRVHGWRDPELHQWDLU
7KH5DPDQPLFURVFRSHIRUWKHLQYHVWLJDWLRQRIWKHVDPSOHVFRQVLVWHGRIDQREMHFWLYH/03/)/1[2O\PSXV
ZLWKDZRUNLQJGLVWDQFHRIPPDQGDQXPHULFDODSHUWXUHRI7KHEHDPVRXUFHWRLQGXFHWKH5DPDQHIIHFW
ZDVDODVHU0//,,,&KDQJFKXQ1HZ,QGXVWULHV2SWRHOHFWURQLFV7HFKQRORJ\ZLWKDZDYHOHQJWKRIQPD
PD[LPXP RXWSXW SRZHU RI P: DQG D EHDP TXDOLW\ RI 0ð 7KH GHYLFH WR SURFHVV WKH EDFNVFDWWHUHG
UDGLDWLRQZDVDVSHFWURPHWHU4(2FHDQ2SWLFVZLWKDEDFNWKLQQHGWKHUPRHOHFWULFDOO\FRROHG&&'FKLSDV
GHWHFWRUH[KLELWLQJDPHDQVSHFWUDOUHVROXWLRQRIZDYHQXPEHUVZLWKDVWDQGDUGGHYLDWLRQRI7KHVHWXSLV
VFKHPDWLFDOO\VKRZQLQILJXUH7KHODVHUUDGLDWLRQJUHHQSDVVHVVHYHUDORSWLFDOFRPSRQHQWVZKLFKVHUYHDVVDIHW\
RUEHDPVKDSLQJFRPSRQHQWVDQGLVIRFXVHGE\WKHREMHFWLYH2'HSHQGLQJRQWKHVFDQSRVLWLRQLQ]GLUHFWLRQWKH
5DPDQHIIHFW LV LQGXFHG RQ WKH VXUIDFH RU LQ WKH GHSWK RI WKH VDPSOH 6 7KH EDFN VFDWWHUHG UDGLDWLRQ UHG LV
FROOHFWHGDQGFROOLPDWHGE\ WKHREMHFWLYHDQGSURSDJDWHVEDFNZDUGV WKHVDPHSDWKDV WKH LQFLGHQW ODVHU UDGLDWLRQ
7KHGLFKURLFPLUURU'&LVWUDQVPLVVLYHIRUWKH5DPDQUDGLDWLRQDQGWKHEHDPLVFRXSOHGLQWRWKHILEHU)E\WKH
DFKURPDWLFOHQVH$&WREHIRUZDUGHGDQGSURFHVVHGWRWKHVSHFWURPHWHU63
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)LJ6HWXSRIWKH5DPDQPLFURVFRSHZLWKEHDPVKDSLQJRSWLFDOFRPSRQHQWVH[FLWDWLRQRIWKH5DPDQHIIHFWRQWKHVXUIDFHRULQWKHGHSWKRI
WKHVDPSOHDQGGHWHFWLRQRIWKHEDFNVFDWWHUHGUDGLDWLRQGHSWKVFDQPRYDEOH[\]VWDJHZLWKVDPSOHDQGREMHFWLYHVWDJHDQGREMHFWLYH
2.2. Multivariate data analysis 
)RU WKH HYDOXDWLRQ RI WKH 5DPDQVSHFWUD PHWKRGV RI PXOWLYDULDWH GDWD DQDO\VLV ZHUH XVHG )LUVW D SULQFLSOH
FRPSRQHQWDQDO\VLV3&$ZDVSHUIRUPHGWRFKHFNLIDSDUWLDOOHDVWVTXDUHVUHJUHVVLRQDQDO\VLV3/65ZDVVXLWHG
IRUWKHGHULYDWLRQRIDFDOLEUDWLRQPRGHO)XUWKHUD3/65ZDVFDUULHGRXWDQGWKHDFKLHYHGFDOLEUDWLRQPRGHOZDV
YDOLGDWHGXVLQJNIROGFURVVYDOLGDWLRQPHWKRG
7KHPDLQREMHFWRIWKH3&$LVWKHUHGXFWLRQRIODUJHGDWDVHWVWRUHYHDOKLGGHQVWUXFWXUHVDQGUHSUHVHQWWKHGDWD
RQWKHPRVWPHDQLQJIXOEDVLV)RUWKDWWKHH[SHULPHQWDOGDWDDUHUHSUHVHQWHGLQDQHZFRRUGLQDWHV\VWHPVSDQQHGE\
VRFDOOHGSULQFLSOHFRPSRQHQWV3&VEHLQJRUWKRJRQDOWRHDFKRWKHU7KLVWUDQVIRUPDWLRQRIFRRUGLQDWHVUHVXOWLQDQ
RUWKRJRQDOFRRUGLQDWHV\VWHPVSDQQHGE\WKH3&VZKRVHGLUHFWLRQVUHSUHVHQWWKHODUJHVWVLJQDOYDULDQFHVRIWKHGDWD
VHW 7KH SURMHFWLRQ RI WKH RULJLQDO GDWD VHW RQWR WKH 3&V UHVXOWV LQ WKH VFRUHV (DFK VFRUH UHSUHVHQWV D FRPSOHWH
5DPDQVSHFWUXPRIWKHRULJLQDOGDWDVHWDVDGDWDSRLQWLQWKHQHZFRRUGLQDWHV\VWHP7KHFRUUHODWLRQRIWKHRULJLQDO
DQGWKHQHZFRRUGLQDWHV\VWHPVSDQQHGE\WKH3&VLVJLYHQE\WKHORDGLQJVZKLFKFRQVWLWXWHDVHWRISDUDPHWHUV
HYDOXDWLQJ WKH GDWD VHW UHJDUGLQJ WKH DPRXQW RI WKH VLJQDO YDULDQFH %RWK VFRUHV DQG ORDGLQJV IRUP D EDVLV WR
UHSURGXFH WKH RULJLQDO GDWD VHW 7KH PDWKHPDWLFDO WUDQVIRUPDWLRQ RI FRRUGLQDWHV UHSUHVHQWV WKH VROXWLRQ RI DQ
HLJHQYDOXHSUREOHPZKLFKLVDSRSXODUSURFHGXUHLQ OLQHDUDOJHEUD'DWDVFRUHVDQGORDGLQJVDUHHDFKZULWWHQDV
PDWULFHV 7KH GHFRPSRVLWLRQ RI WKH GDWDPDWUL[ LV VKRZQ LQ ILJXUH $ZKHUH; LV WKHPDWUL[ RI WKHPHDVXUHG
YDOXHV7WKHVFRUHVPDWUL[3WKHORDGLQJVPDWUL[DQG(WKHPDWUL[RIUHVLGXHVFRQWDLQLQJHUURUVRUQRLVH.HVVOHU
D
)LJ0DWUL[PRGHORIWKHSULQFLSOHFRPSRQHQWDQDO\VLV$DQGSDUWLDOOHDVWVTXDUHVUHJUHVVLRQ%PRGLILHGIURP.HVVOHUDF
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7KH 3/65 DQDO\VLV LV D PXOWLYDULDWH UHJUHVVLRQ PHWKRG ZLGHO\ XVHG LQ VSHFWURVFRS\ IRU WKH FDOLEUDWLRQ RI
SK\VLFDORUFKHPLFDOSURSHUWLHVRXWRIVSHFWUDOGDWD,QWKH3/65DQDO\VLVWKHGHSHQGHQWYDULDEOHRIFDOLEUDWLRQKDV
WREHVHWE\UHIHUHQFHPHDVXUHPHQWVVRWKDWD3&$LVFDUULHGRXWZLWKWKHVSHFWUDODQGWKHUHIHUHQFHGDWD%\PHDQV
RIDQDOJRULWKPHJWKH1,3$/6DOJRULWKP.HVVOHUFWKHUHVXOWVRIERWK3&$VDUHFRUUHODWHGWRHDFKRWKHU
DQGZHLJKWHG7KDWPHDQVWKH3&$RIWKHVSHFWUDOGDWDFRQWDLQVZHLJKWHGLQIRUPDWLRQIURPWKHUHIHUHQFHGDWDDQG
YLFHYHUVD7KLVLVVFKHPDWLFDOO\VKRZQLQILJXUH%ZKHUH;LVWKHPDWUL[RIWKHVSHFWUDOGDWD7WKHVFRUHVPDWUL[
RI;3WKHORDGLQJVPDWUL[RI;8DQG4DUHVLPLODUO\GHWHUPLQHGE\3&$DVVFRUHVDQGORDGLQJVPDWUL[RI WKH
UHIHUHQFHGDWDPDWUL[<)XUWKHUWKHFRUUHODWLRQEHWZHHQ;DQG<LVJLYHQE\WKHPDWUL[::LVUHTXLUHGIRUWKH
FDOFXODWLRQRIWKHPDWUL[7DQGUHSUHVHQWVDZHLJKWHGVHWRIORDGLQJVEHLQJVOLJKWO\GLIIHUHQWIURP3EXWGHVFULELQJ
PRUHH[DFWO\WKHYDULDQFHLQWKHVSHFWUDOGDWDZLWKUHVSHFWWRWKHUHIHUHQFHGDWD.HVVOHUF
7RFKHFN WKHYDOLGLW\RI WKHPXOWLYDULDWHPRGHOVNIROGFURVVYDOLGDWLRQ LVXVHG)RU WKDW WKHRULJLQDOGDWDDUH
UDQGRPO\VSOLWLQWRNHTXDOVL]HGVXEVHWV6XEVHTXHQWO\RQHRIWKHNVXEVHWVLVUHWDLQHGDVWHVWVHWDQGWKHUHPDLQLQJ
NVXEVHWVDUHXVHGDVWUDLQLQJVHWWRGHGXFHDVHSDUDWHFDOLEUDWLRQPRGHO7KLVFURVVYDOLGDWLRQSURFHVVLVUHSHDWHG
NWLPHVZLWKHDFKRIWKHNVXEVHWVVHUYLQJH[DFWO\RQFHDVWHVWVHW7KHUHVXOWVIURPHDFKVLQJOHYDOLGDWLRQVWHSHJ
WKHPHDQVTXDUHHUURUV06(FDQEHDYHUDJHGWRGHWHUPLQHDQRYHUDOOUHVXOW7KH06(HYDOXDWHV WKHFDOLEUDWLRQ
PRGHOUHJDUGLQJWKHDSSOLFDELOLW\IRUWKHSUHGLFWLRQRIWKHGHSHQGHQWYDULDEOH.HVVOHUE$VPDOO06(YDOXH
LPSOLHVDVPDOOYDULDQFHRI WKHSUHGLFWLRQ,Q WKHFDVHRI WKHSUHVHQWHGHYDOXDWLRQ WKHUHDUHVSHFWUDOGDWDZLWK
GLIIHUHQWPRLVWXUHFRQWHQWVRI3$DQGWKHNIROGFURVVYDOLGDWLRQZDVFDUULHGRXWZLWKN 7KDWPHDQVHDFKGDWD
VHWRIWKHVXEVHWVFRQVLVWVRIGLIIHUHQWVSHFWUDOGDWDDQGHDFKRIWKHVLQJOHYDOLGDWLRQVZDVSHUIRUPHGZLWKD
WUDLQLQJVHWFRPSRVHGRI VXEVHWVKHQFHGLIIHUHQWVSHFWUDOGDWD
5HVXOWVDQGGLVFXVVLRQ
$V DQ H[DPSOH WKH GDWD HYDOXDWLRQ DQG LQWHUSUHWDWLRQ LV VKRZQ IRU 5DPDQVFDQV RI WKH VXUIDFH RI WKH 3$
VDPSOHVVHHILJXUH±GHSWKVFDQ7KHUHVXOWVUHFHLYHGIURPWKHHYDOXDWLRQRIWKHGHSWKVFDQVDUHYHU\VLPLODUDQG
VXPPDUL]HGDWWKHHQGRIWKHUHVXOWVVHFWLRQ
3.1. Karl-Fischer-, Raman- and reference measurements 
7KH.DUO)LVFKHUWLWUDWLRQZDVSHUIRUPHGIRUIRXULQGHSHQGHQWVDPSOHVWKDWZHUHH[SRVHGWRDPELHQWKXPLGDLU
ZLWKDQDFFXUDF\RIZWDQGUHYHDOHGDPHDQPRLVWXUHFRQWHQWRIZWZLWKDVWDQGDUGGHYLDWLRQRI
ZW7KHZDWHUDEVRUSWLRQZLWKLQWKHZDWHUEDWKDW&UHVXOWHGLQDYDULDWLRQRI WKHPRLVWXUHFRQWHQWRI
3$EHWZHHQKXPLGDQGZWVDWXUDWHG7KHDFKLHYHGUDQJHRIPRLVWXUHFRQWHQWVGHSHQGHQWRQWKH
VWRUDJHWLPHLQWKHZDWHUEDWKLVVKRZQLQILJXUH$$VDWXUDWLRQZLWKZDWHUZDVREVHUYHGDWDERXWKVWRUDJH
WLPH 7KH UHVSHFWLYH DQG SUHSURFHVVHG 5DPDQVSHFWUD JDLQHG IURP WKH VXUIDFH RI WKH VDPSOHV DUH H[HPSODULO\
LOOXVWUDWHGLQILJXUH%IRUVWRUDJHWLPHVRIK7KHVSHFWUDOFXUYHKDVDQREYLRXVSHDNRFFXUULQJDW
FPZKLFKFDQEHDVVLJQHG WR WKHYDOHQFHYLEUDWLRQRI WKHDPLGHERQGVRI3$+HQGUD et al. 7KH
ZDWHU2+VWUHWFKLQJYLEUDWLRQVDUH DOORFDWHG LQ WKHEURDG VSHFWUDO UDQJHRIFP 6RFUDWHV $V
WKLV UDQJH LV RI SDUWLFXODU LPSRUWDQFH LW LV VKRZQ HQODUJHG LQ ILJXUH &7KHSORW LOOXVWUDWHV WKDW DORQJZLWK DQ
LQFUHDVLQJVWRUDJHWLPHLQWKHZDWHUEDWKWKXVZLWKDQLQFUHDVLQJPRLVWXUHFRQWHQWRI3$WKH5DPDQVLJQDORIWKH
2+VWUHWFK ULVHV7KHSORW VKRZV WKHKLJK VHQVLWLYLW\RI5DPDQVSHFWURVFRS\ IRUZDWHU DQG HVSHFLDOO\ IRUZDWHU
ZLWKLQWKH3$PDWUL[
 
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
)LJ:DWHUDEVRUSWLRQLQZHLJKWSHUFHQWLQGHSHQGHQFHRQWKHVWRUDJHWLPHLQKRXUV$5DPDQVSHFWUDRI3$GHSHQGHQWRQWKHVWRUDJHWLPH
LQKRXUVLQWKHVSHFWUDOUDQJHRIFPZLWKKLJKOLJKWHG5DPDQEDQGVRI3$DQG+2%GHWDLOHG5DPDQVSHFWUDRIWKHHYDOXDWHG
VSHFWUDOUDQJHFPGHSHQGHQWRQWKHVWRUDJHWLPHLQKRXUV&
)LJ<RXQJ¶VPRGXOXVDQG\LHOGVWUHVVRISRO\DPLGHLQGHSHQGHQFHRQWKHPRLVWXUHFRQWHQW
)LJXUHVKRZVWKHUHVXOWVRIWKHWHQVLOHWHVWV7KHWHQVLOHEDUVZHUHDOVRFRQGLWLRQHGLQDZDWHUEDWKDW&VR
WKDWWKHVDPHUDQJHRIPRLVWXUHFRQWHQWZDVDFKLHYHGDVZLWKWKHSODWHVKDSHGVDPSOHV7KHSORWGHSLFWVWKDWERWK
<RXQJ¶VPRGXOXVDQGWKH\LHOGVWUHVVDLPWRZDUGVDFRQVWDQWYDOXHZLWKPRLVWXUHVDWXUDWLRQ%\PHDQVRIWKLVSORW
DQGZLWKWKHSUHGLFWLRQRIWKHPRLVWXUHFRQWHQWRIWKH3$VDPSOHVLWLVSRVVLEOHWRHVWLPDWHWKHVHWZRPHFKDQLFDO
SDUDPHWHUVZLWKRXWSHUIRUPLQJDWHQVLOHWHVW
3.2. Principle component analysis of the spectral range 3350-3750 cm-1 
)LJXUH $ GHSLFWV WKH YDULDQFH RI WKH VSHFWUDO GDWD FRQWDLQHG LQ WKH ILUVW WKUHH 3&V ,Q WKLV FDVH DOPRVW WKH
ZKROHYDULDWLRQRIWKH5DPDQVLJQDOLVGHVFULEHGE\3&,QDFFRUGDQFHZLWKILJXUHWKHYDULDWLRQLQWKHHYDOXDWHG
VSHFWUDOUDQJHLVGXHWRWKHGLIIHUHQWPRLVWXUHFRQWHQWVDQGLQFRQVLGHUDWLRQRIILJXUH%WKLVFDQEHH[SODLQHGE\
WKHORDGLQJVRI3&ZKLFKZHLJKWWKHYDULDQFHZLWKLQWKHVSHFWUDOUDQJHVLPLODUWRWKHJUDSKLQILJXUH&1RZ
E\SORWWLQJ WKHVFRUHYDOXHVRI3&GHSHQGHQWRQ WKHDPRXQWRIZDWHUDEVRUSWLRQILJXUH&DQDSSUR[LPDWHO\
OLQHDUFRXUVHLVUHFRJQL]HGDQGDOLQHDUILWVKRZVDFRUUHODWLRQFRHIILFLHQWRI5 7KHUHIRUHERWKWKHVFRUHV
DQGORDGLQJVRI3&UHSUHVHQWWKHPRLVWXUHFRQWHQWRIWKH3$VDPSOHVDQGWKHVFRUHVVHHPWREHDEOHWRURXJKO\
SUHGLFWLW)RUWKLVUHDVRQD3/65ZDVFDUULHGRXWWRGHGXFHDFDOLEUDWLRQPRGHOZLWKDKLJKHUFRUUHODWLRQFRHIILFLHQW
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)LJ9DULDQFHRIVSHFWUDOGDWDH[SODLQHGE\3&3&DQG3&$ORDGLQJVRI3&ZLWKLQWKHVSHFWUDOUDQJHRIFP%VFRUHVRI
3&GHSHQGHQWRQWKHDPRXQWRIZDWHUDEVRUSWLRQZLWKOLQHDUILW&
3.3. Partial least squares regression of spectral range 3350-3750 cm-1 
$ 3/65 DQDO\VLV ZDV SHUIRUPHG ZLWK WKH PRLVWXUH FRQWHQW FDOFXODWHG IURP WKH UHIHUHQFH PHDVXUHPHQWV DV
GHSHQGHQWYDULDEOHLQRUGHUWRGHYHORSDFDOLEUDWLRQPRGHOZLWKDVXIILFLHQWO\KLJKFRUUHODWLRQFRHIILFLHQW,QLWLDOO\
WKHQHFHVVDU\QXPEHURI3/6FRPSRQHQWVZDVGHWHUPLQHGWRHQVXUHDFDOLEUDWLRQPRGHOWKDWLVQRWRYHUGHWHUPLQHG
7KLVZDVJXDUDQWHHGE\SHUIRUPLQJFDOLEUDWLRQVZLWKGLIIHUHQWQXPEHUVRI3/6FRPSRQHQWVDQGGHULYLQJHDFKWKH
URRWPHDQVTXDUHHUURURISUHGLFWLRQ506(3YDOXHV)LJXUH$LOOXVWUDWHVDSORWRIWKH506(3YDOXHVYHUVXVWKH
QXPEHURI3/6FRPSRQHQWVLQGHSHQGHQFHRQWKHVFDQGHSWK,WLVREVHUYDEOHWKDWWKHGHFOLQHRI506(3GHFUHDVHV
VWHSE\ VWHSFRQVLGHULQJPRUH3/6FRPSRQHQWV7KH UHODWLYHGHFUHDVH VHUYHGDV FULWHULRQ IRU WKH VHOHFWLRQRI WKH
QXPEHU RI 3/6 FRPSRQHQWV:KHQ WKH DGGLWLRQRI DQ DGGLWLRQDO FRPSRQHQW OHG WR D UHODWLYH ± LQ UHODWLRQ WR WKH
RULJLQDOYDOXH±FKDQJHLQWKH506(3YDOXHEHORZLWZDVGHFLGHGWKDWWKHDGGLWLRQRIWKLVQHZFRPSRQHQWGLG
QRWUHVXOWLQDVLJQLILFDQWO\EHWWHUUHSUHVHQWDWLRQEXWUDWKHULQDQRYHUGHWHUPLQDWLRQRIWKHPRGHO,QDOPRVWDOOFDVHV
LW WXUQHG RXW WKDW WKH UHSUHVHQWDWLRQ E\ IRXU FRPSRQHQWV ZDV RSWLPXP LQ WKLV UHVSHFW DQG LQ WKH IROORZLQJ DOO
FDOLEUDWLRQPRGHOVZHUHXQLIRUPO\EDVHGRQIRXU3/6FRPSRQHQWV
7KHUHVXOWVRIWKH3/65FDOLEUDWLRQPRGHOVGHULYHGIRUWKHVSHFWUDOUDQJHFPDQGWKUHHGLIIHUHQWVFDQ
GHSWKVDQGPPDUHVKRZQE\WKHFRUUHODWLRQSORWLQILJXUH%7DEOHVKRZVDGHWDLOHGOLVWRIWKH
506(3DQG5YDOXHVIRUWKHYDULRXVVFDQGHSWKV,WLVUHFRJQL]DEOHWKDWWKHYDOXHVIRUWKHVXUIDFHVFDQPP
DQGIRUPPVFDQGHSWKDUHVOLJKWO\GLIIHUHQWIURPWKHYDOXHVIURPWKHVFDQGHSWKV)RUWKHVXUIDFHVFDQVWKLV
UHVXOWPD\EHH[SODLQHGE\WKHPLFURVFRSLFO\URXJKVXUIDFHRIWKHVDPSOHVDQGDVDFRQVHTXHQFHWKHUHRIZLWKWKH
GLIILFXOW\ WRVHW WKHIRFXVRI WKH ODVHUEHDPH[DFWO\RQWR WKHPDWHULDOVVXUIDFH$GGLWLRQDOO\VLQFH WKHSRVLWLRQLQJ
UHSHDWDELOLW\RIWKHVFDQQLQJGHYLFHLVVSHFLILHGDVPDQLQIOXHQFHRIDQLQSUHFLVHSRVLWLRQLQJRIWKHIRFXVRIWKH
ODVHUEHDPDSSUR[LPDWHGLDPHWHUPFDQQRWEHH[FOXGHGHLWKHU7KHYDOXHVIRUDVFDQGHSWKRIPPDUHLQ
DFFRUGDQFHZLWKD*DXVVLDQGLVWULEXWLRQ%XWWKLVVFDQGHSWKFDQDOVREHWUHDWHGDVFULWLFDOVLQFHWKHUHDUHJUDGLHQWV
RI FU\VWDOOLQLW\ DQGPRLVWXUH FRQWHQW RYHU WKH VDPSOHV¶ FURVV VHFWLRQ 7KHPDUJLQDO DUHDV RI SRO\DPLGH  DUH RI
DPRUSKRXVVWUXFWXUHZKLOHWKHFRUHLVVHPLFU\VWDOOLQH$VWKHK\JURVFRS\LVGHSHQGHQWRQWKHFU\VWDOVWUXFWXUHWKLV
HIIHFW OHDGV WR WKHJUDGLHQWRIPRLVWXUHZLWKLQ WKHPDWHULDO¶VPDWUL[$VDFRQVHTXHQFH WKHGLIIHUHQWYDOXHV IRUD
VFDQ GHSWK RI PP FDQ DOVR EH H[SODLQHG E\ WKHVH JUDGLHQWV WKDW FRXOG KDYH WKHLU PD[LPXP YDOXH DURXQG
PPVFDQGHSWKDQGWKHUHE\FDXVHDVLJQLILFDQWFKDQJHRIWKH5DPDQVLJQDOV1HYHUWKOHVVWKH5YDOXHVKRZV
DQ DYHUDJH RI ZLWK D QHJOLJLEO\ VPDOO VWDQGDUG GHYLDWLRQRI  RYHU WKH VFDQ GHSWK HYHQ LQFOXGLQJ WKH
VXUIDFHXQFHUWDLQW\%HVLGHVWKH506(3YDOXHVGHFUHDVHZLWKLQFUHDVLQJVFDQGHSWKIURPVXUIDFHWRPPVFDQ
GHSWKZLWKWKHH[FHSWLRQRIWKHPPYDOXHWKDWLVGLVFXVVHGSUHYLRXVO\7KDWPHDQVLQWXUQWKDWWKHSUHGLFWLRQRI
WKHPRLVWXUHFRQWHQW IURP5DPDQVLJQDOVJDLQHG IURP WKHGHSWKRI WKHPDWHULDO LV OHVV HUURUSURQH WKDQ IURP WKH
VXUIDFH7KHGHFUHDVLQJVLJQDOWRQRLVHUDWLRZLWKVFDQGHSWKDIIHFWV WKHFDOLEUDWLRQPRGHOVIRUVFDQGHSWKV±
PPUHJDUGLQJWKH5DQG506(3YDOXHVJHWWLQJVOLJKWO\ZRUVH
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$GGLWLRQDOO\ WKHFDOLEUDWLRQPRGHOVZHUHYDOLGDWHGYLDNIROGFURVVYDOLGDWLRQPHWKRGZLWKN LQGLYLGXDO WHVW
VHWV7KH FDOFXODWHGPHDQ VTXDUH HUURURI FURVVYDOLGDWLRQ 06(&9ZKLFK HYDOXDWHV WKH FDOLEUDWLRQPRGHOZLWK
UHVSHFWWRWKHSUHGLFWLRQDSSOLFDELOLW\RIWKHPRGHOLVDOVRVKRZQIRUHDFKVFDQGHSWKLQWDEOH7KH06(&9YDOXHV
VKRZWKHVDPHFKDUDFWHULVWLFVRYHUWKHVFDQGHSWKDVGHVFULEHGSUHYLRXVO\IRU5DQG506(37KHDYHUDJH06(&9
YDOXH RYHU WKH VFDQ GHSWK LV FDOFXODWHG DV ZW ZLWK D VWDQGDUG GHYLDWLRQ RI ZW 6LPLODU WR WKH
506(3DQG5UHVXOWVWKH06(&9DOVRVKRZVWKDWWKHVXUIDFHVFDQDQGWKHVFDQDWDGHSWKRIPP\LHOGZRUVH
UHVXOWVWKDQWKHPRGHOVIURPWKHRWKHUVFDQGHSWKV7KH06(&9YDOXHVSRLQWRXWWKDWWKHSUHGLFWLRQEDVHGRQWKH
FDOLEUDWLRQPRGHOIURPVKRZVWKHOHDVWYDULDQFHDQGWKXV\LHOGVWKHEHVWSUHGLFWLRQDFFXUDF\

)LJ5RRWPHDQVTXDUHHUURURISUHGLFWLRQRIWKHFDOLEUDWLRQPRGHOVZLWK3/6FRPSRQHQWVIRUWKUHHH[HPSODU\VFDQGHSWKV$3/65
FDOLEUDWLRQPRGHOIRUWKHSUHGLFWLRQRIWKHPRLVWXUHFRQWHQWRI3$VDPSOHVIRUWKUHHVFDQGHSWKVGHULYHGIURPWKHVSHFWUDOUDQJH
FPZLWKJUDYLPHWULFDOO\JDLQHGUHIHUHQFHYDOXHV%
7DEOH&RUUHODWLRQFRHIILFLHQWV5DQGURRWPHDQVTXDUHHUURUVRISUHGLFWLRQ506(3RIWKH3/65FDOLEUDWLRQPRGHODQGPHDQVTXDUHHUURU
RIFURVVYDOLGDWLRQ06(&9GHULYHGIURPDIROGFURVVYDOLGDWLRQDVDIXQFWLRQRIWKHVFDQGHSWK
VFDQGHSWKPP          
3/65PRGHO          
5         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,Q WKLVSDSHUDPHWKRGRORJ\EDVHGRQ5DPDQPLFURVFRS\DQGPXOWLYDULDWHGDWDDQDO\VLVZDVSUHVHQWHG WKDW LV
DEOH WRSUHGLFW WKHPRLVWXUHFRQWHQWRISRO\DPLGHE\PHDQVRIDPXOWLYDULDWHFDOLEUDWLRQPRGHOZLWKDQDYHUDJH
FRUUHODWLRQ FRHIILFLHQW RI  ZLWK D QHJOLJLEO\ VPDOO VWDQGDUG GHYLDWLRQ RI  RYHU WKH VFDQ GHSWK RI WKH
VDPSOHV1HYHUWKHOHVVDORQJZLWKDIXUWKHURSWLPL]DWLRQRIWKH5DPDQVHWXSLWLVDVVXPHGWKDWWKHFDOLEUDWLRQUHVXOWV
LQHYHQEHWWHUSUHGLFWHGYDOXHVRIPRLVWXUHFRQWHQW,QSDUWLFXODUDPRUHSUHFLVHO\PRYDEOH[\]VWDJHFRXOGOHDGWR
EHWWHU5DPDQVLJQDOVIURPWKHPDWHULDOGHSWK$GGLWLRQDOO\WKHLPSDFWRIWKHFU\VWDOOLQLW\JUDGLHQWRYHUWKHVDPSOHV
FURVV VHFWLRQ RQ WKH 5DPDQVSHFWUD DORQJ ZLWK GHSHQGHQFH RI ZDWHU DEVRUSWLRQ RQ WKH FULVWDOOLQLW\ LV QRW \HW
LQYHVWLJDWHG IRU 5DPDQVSHFWURVFRSLF VWXGLHV &RQVLGHULQJ WKHVH HIIHFWV LQ WKH GDWD HYDOXDWLRQ ZRXOG DOVR \LHOG
EHWWHUFDOLEUDWLRQPRGHOV)XWXUH5DPDQPHDVXUHPHQWVZLWKUHVSHFWWRWKHFU\VWDOOLQLW\RISRO\DPLGHZLOOVHUYHDV
DILUVWVWHSWRJHWDGHHSHULQVLJKWWRWKHVWUXFWXUHSURSHUW\UHODWLRQVKLSVRISRO\PHUV1HYHUWKHOHVVLWFDQUHDGLO\EH
XQGHUOLQHGWKDW5DPDQVSHFWURVFRS\LVDKLJKO\VXLWDEOHPHWKRGWRDQDO\VHFRPSRQHQWVPDQXIDFWXUHGRISRO\DPLGH
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 LQ D UDSLG DQG QRQGHVWUXFWLYH PDQQHU $GGLWLRQDOO\ VLQFH 5DPDQPHDVXUHPHQWV DUH VHQVLWLYH IRU VWUXFWXUDO
FKDQJHVDWWKHPROHFXODUOHYHODPHDVXUHPHQWFRXOGUHYHDOVHYHUDOPDWHULDOSURSHUWLHVVLPXOWDQHRXVO\)RULQVWDQFH
WKH GHWHUPLQDWLRQ RI WKH PRLVWXUH FRQWHQW FRQFXUUHQWO\ ZLWK WKH FU\VWDOOLQLW\ DQG WKH FRPSRVLWLRQ RI D SRO\PHU
FRPSRVLWH ZRXOG EH D SRZHUIXO WRRO IRUPDWHULDO SURFHVVLQJ SXUSRVHV ,Q VXPPDU\ LW VKRZV ODUJH SRWHQWLDO IRU
LQVSHFWLRQDQGTXDOLW\FRQWURORISRO\PHUVEHIRUHSURFHVVLQJ(VSHFLDOO\ZLWKWKHPHWKRGRORJ\SUHVHQWHGLWVHHPV
IHDVLEOH WR GHYHORS DPHDVXULQJ GHYLFH WR TXDQWLI\ WKHPRLVWXUH FRQWHQW RI SRO\DPLGH ZLWK WKH DGYDQWDJH WKDW
DQRWKHU DQDO\VLV FRXOG EH SHUIRUPHG LPPHGLDWHO\ DQG HYDOXDWHGZLWK WKH NQRZOHGJH DERXW WKHPRLVWXUH FRQWHQW
0RUHRYHU<RXQJ¶VPRGXOXVFRXOGEHHVWLPDWHGIURPWKHPRLVWXUHFRQWHQW
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH ,QVWLWXWH RI 3RO\PHU 7HFKQRORJ\ /.7 RI WKH )ULHGULFK$OH[DQGHU
8QLYHUVLW\(UODQJHQ1UQEHUJIRUVXSSRUWLQJWKHVWXG\)XUWKHUWKHDXWKRUVJUDWHIXOO\DFNQRZOHGJHIXQGLQJRIWKH
(UODQJHQ*UDGXDWH6FKRROLQ$GYDQFHG2SWLFDO7HFKQRORJLHV6$27E\WKH*HUPDQ5HVHDUFK)RXQGDWLRQ')*
LQWKHIUDPHZRUNRIWKH*HUPDQH[FHOOHQFHLQLWLDWLYH
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